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IIw(w’, [’/’( 21}/ (’7’ izrld  Jaf)-c  [1 990] llav(’ Shown t]lilt V(, ry low OZ[)II(” (Soll(-(:lltrtitic)l)s  lead

to a hi~llly  Ilolllill(’ar cllcmir:d system ill w’llir.11 11)(’  (o]lv(~rsic)]l  of (~lo  tt) 11(~1 is sl]l>stal]-

tially :l(-(-tl(:Iltt(’Cl  throllgh  aII illcrrascin tll(~ C l  to (;10 al>uIIdtiIIc(’  Iatiu.  ‘1’his  co]lvfmio]l

tu 11 (  ~1 IIIIdt,r low ozone  c.onditiol)s  has  I>(:cl] ol)scrvcd  ill (. JA1{S  (l:itt~  I.)y l)ougla.s.s  (( al.

[1!)95].

Sig[]i{i(:allt  i]lt(:rl)(:ll]is])llcric  dillm!nccs  iu the rc(-ovcry  tim(v+cal(  :ir(’  oxl)(’(-t(’d  dll(

t ( . )  lll](l(:rlyil)~  dif~(:rc])ces  iII s(:aso]]al  tcm])(:ratur(:  patt(’ll)s  at)(l  vort(x 1)( ’liavior  [s(J(’, (:. g.,

A?ldl’(’’llls Ct 0[., 1 989; WA!() 1.991 lkpi?rt]. OIT av(!Iag?;e, tf’rlljlt>r”~(tllI’cs  iIl the Arctic

vort~ix ar(’ N15 20 K hig]lcr  than in the A n t a r c t i c ,  a]ld I,l](J  Arcti( vort,cx is I1lucI) less

st, al>](:,  l(~adi]lg  t,() f(~w(”r and  ]CSS pcrsist(~I]t  ])s(; (:vcIIts  in tll(’ Ar(tic. I)tmitrifi(’ation

tl}(~  r(~]]]ova]  of nitrog(ll  froll] t h e  lomrcr st, ] atos])h(’rc  tllrt)ll~,ll  p,r;ivitatiol)al  s(’ttlillg

o f  1’S(:  })articl(s  colitaillil]g  11N03 i s  m u c h  l(~ss cxl(:nsiv(’ ill t,ll( Arctic tl]a[l in t h e

Alltarr.tic [cf. ]’k)~f’y c{ (L1., 1989;  7(2OT1 (’1 a l . ,  1 989; ( ‘o~)’(’;y ( i 01., 1 9 s 9 :  M(ln)<ill  fi 01.,

1990;  l;aml  (’/ al,, 1990; I’OOIC and }WS’,  1994; S(l?lif’(  (f (7/.,  1{)95].  A l t h o u g h  cIlllaIlrd

(;10  al)ulldallccs  llav(: I)(:c]l c)l)scri’d  ill tllc  polar  vortiles  o f  I)otll  II(lllis})ll(:res  [de Zofln

c1 d . ,  1987; And(Tson  ci a l . , 1989;  Waier.s c1 al., “l$)93a,6], th( accollll)anyillg  1 0 s s  o f

.Arrtic  (won(  I)as I)(Y1] ]])IIcI1 less severe  [J’17a7L?Lr,f/  fi cl., 1994 a] tllal~  t IIat over  Alltardica.
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Sl)t,ctrC)T]l~’tCI  ((; I, AIIX) observat ions of (; ION02° and IIalogcl]  ocrllltation  l+;x~~crimt:nt

( llAl,Ol;) ol)w:rvatiol)s  of 11(;1 obtain~x] shortly aft(r tl)( M 1,S ancl ( lI,A1lS  data. W( a]l-

alym> tilnr s(:rirs  of vortex- averaged mixil)g  ratios  011 i,ivo l)ottlltial  t(lnpcratllr(’  sllrfzdccs

(585 K an(i 46,5 K) i*l the lmvm s t r a t o s p h e r e for ap}~roxinlatc]y  l]lorltll-  loIlg  int(:rvals

dllring  Iak wink: August 17 - %ptmber  17, 1 9 9 2  in the solltll(rn  hemispl]erc  2Lnd

]1’rbrllzLry  1 ~ h~arch  ] 6, ] f)g;~ in the n o r t h e r n  ])cmispllcrc. WC focl]s ou Lhc late wint(:r

l)alanc(:  bctwcx!n  the decay of rcactivc chlorine and the p,rowth of dllorint:  reservoir spccim

l~asfd  on tl]csc  data sets, a])d wc compare  thr obscrvitt  ions] rcsu] ts with tllosr  from a

thr(~e  dinlensiol)al  ch(:mical  transl)ort  mod(~l [S(C the t.onll)allic)n  l~:il)cr  l)y (~hippc:rjirld

(f al., 1995] il}itializ(xl  w i t h  (JARS  data.

Data and Instrument Description

hJl,S  acqllircs stratospheric mrasurcmcnts  of millimctw }vavcl(v]g;th  thermal cmis -

sioll that arc not dcgradd  I>y l)S(;s  or a e r o s o l . ‘1’hc nlcasumnmlt  tjtchniquc  and tllc  in-



to constitu(~llt  mixill~  ratiosl acroso]  extinc.  tiol)  cmfli[:icnts  arc also retr ieved from tile

In(’asurd S])($(”tr?i  [Al(7:q(7tfh(dr7’  (:/ al.,  199:3;  Mflssic  (f a l e ,  199F)]. ‘] ’]1(’ ?lCIWSCJ1  dtttii  \\r(’



hcmispll(:rc.  ‘1’1~(1  1 1  Al,ol+;  observing  I)att(?rn I]1OVCS  slowly  llurtl~  al](l  sollth  tllrollghout

th{: year, with wintertime coverage of the most extr(’me  southern lat itudcs  (nmrly  to

80°S) occ.llrring  from mi+ $kptmnber  through mic{--oclohcr,  a]ld willtcrtimt:  covmagc  of

tilt’  nlost (:xtr(:m(: northern ]atitudcs  (ncar]y to SOON) o(curril]g  frc)ll) Illicl- JMarcl]  through

micl-  Al)ril.  II] I,I](J  1992 soutl)erl]  al~cl 1 9 9 2 - 9 3  northt?rn  la( c w’il]tt:r p e r i o d s ,  llAI,Ol~

111(’:tsllrf:lllcllts  arc not  ol]taind within the polar  vortices until aft(r tllc  spacecraft  has

yaw(xl towards the oppmitc!  l)cmisphcr[:; thus, the II AI,O1t  higlb  latitude data arc not

roillcici(*l~t  with cith(:r tl)e MJ,S or (; I,APX data.

1992 Southern Hemisphere Winter

l“lehavic)r  of C;lC)  ancl C;10N02
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(:HsILY(: that tbf ’ sam(:  air  parcels  ziIc being ml}sidercd for boll]  ( ;10 and ( ;loh’()~,  tll(w

maps arc’ also Collstrlld(’d  llsilq?;  (iat.a from th(? “(iay” sicie of tl]c orl)it ou]y. As tiisrussd

by f{ochc ci al. [1 9936; 19!14],  (~loN02° mixinp; ratios rise steeply from mi+ latitll~i~s  to

f o r m  a IoII~lIly circllmpolar  collar  of eIIIIaIIced alII~uci:iIIc.es, wit]] soIIl(: intrusion of lligll

(; ION02° iuto tll(~ vortex core, wl]crr valIl(Is  arc ~cmerally  mu(:l]  sInall(v  tl]au  ill tllc  collar

rcgiol]. Ily  Illiti-  S(:lJt(>llllJ(:  I,tl)(Jl  ligll\~:~lll(?so  ftlle(:ollal  regiol) l)av((lilllillisll(  ’(iatl>otll(-)

levf:ls,  auci au overal l  increase  in (; IOAT02°  coInl)arablc  10 the (iecrcwse in (;10  is uot swn.

A s  SIIOWU  in l“i~llrt:  5, t h e  area l)oleward  of  52° S ciistinguislld  hy hip;h  (~loN02° alJlln-

danc.es (> 1.5 ppl)v)  is twsfmtidly cons tan t  at 465 K l)ut, cicr.rms(:s at 585 1{ throlighout

thcyaw p(,riod.

Effects of Vertical  ‘1’ransport



cont,ol]r only. ])aily vortex- averagd  mixillp;  ratios for both N20 al)d (;114  ar~’ S11OWU in

l“igllrc 6 as a function of time. l“or pcrfmt  Lraccrs ill t h e  almu]ct’  of diabatic  dcsmnt,

t,hr lin(~s  fit to the avmag;d  mixing ratios would htLve  zero s lope. (.JIId~:I  tile  assllmption

that th(~ tr(mds  cxhibitmd  by these spccim  arise solely from dialmti(  dm+cmt,  the slopm

o f  th(w: ]in(:s  w! Imd in the tracer c o n t i n u i t y  qualion  to (xti)llatc  avcrag(:  vcrtid

velocities., ‘1’he vcrticd  velocities cstimatd  from the two tram:rs  are g(llmally  consistent,

and arc avcragd together  to obtain  the overall  estimate of tile vcrtica] vdocity  at cm. h

(-) l(:V(!I. LJ1]c’c:rtziillti[ls  are assigncxl  by p ropaga t ing  in to  the veloci ty calcu]atiol)  the

Ilncertail]ties  in the slopcs  c)f the lines  fit to tht~ daily  vortex-  avt:Ia~,[xi  lnixing ratios and

thcstandard  deviations of tl]etra,c.er  vcrticzil~  )lc)fil(:s,  and thrn allp,lllclltillg  tllt>rcsLlltitlg

(,rror  if ll(~c(~ssary  to (’])sIIM:  that the overall avc]agc cllrumpasses  th( (stimat(:s from hotll

tram]%. ‘1’llis  is z~clclil>f’l:Lt[  ’IYcol~scrvati~  ’cl~ro((ss intcllded  toprovi(l(al~  llpp(’r limit on

l,h(’ unmvtainty  cstilnatc.

IIased  011 this approach, we fiIl(l the Vortc!x- av(!rag(’d  dcsc(’llt rat(’ to IX: 0.5+:0.3  111111/S

at 5N5  K and 0.7 * 0.’2 mm/s at 46,5 1{ when only  i he Iattcr half  of  the yaw period

i s  c,onsidcrtd  (vclocitim  arc lligllcr  wllc?ll trends are takm c)vcr tl]c entire yaw period,

l)artic.ularly  at 585 K) .  It, SIIOUIC1 k notd that tlIese  arr Vort(:x-  avcra~ed Valll(’s;  locally,

v(~loritics coll]d d(’part  significantly from tl]{: vortex a~’cragcs. M]itllin the unmrtaintim,

th(wc valll(?s ar(’ ill agreement with  estimat(’s  of the lower stl atosplifvir.  vmtical velocity

( 1.() mII~/s)  in Allp;llst  1992  obtain(d  f r o m  simlllatcxl  air ]mrc(l  triij((tori(s  by flfo?~?icy  ~t

(l{, [1 994 6]. ‘1’h(’)r also ap;r(xI  very  well with tilt  avcIag( lower  stl:~tosljl)(li(-  dtsr(l)t  rat(s

( 1.5- 1.8 km/mont,ll,  or 0.(;- ().7 mm/s) cstimat(:d  for tile 1992 willt(r s(>ason  fron~ Ilf\l{S

lIA1,O1;  (;11,, trm]ds  [,Schodd  ci d . ,  1995].  llowcvcr, th(’y ar(’ larg(’r tllall  tll(’ lai,t’

lvillt,t~r  r(~si(lllal  v(~rt,  ical v(’lociti(w  diagllos(’d  froll~ 1987 N M ( ;  t~~ll]l>{>l:~t,llr(~s  and Airl)orne

Antarctic OZ,OII(”  l;xl)rrinl(:llt  (A AOI’;) 1120 an(l ():, data I)y ,Schof L( J1 ( / al. [1 992], wl]irll

l’all~(’ from (). 1 to 0.2 111111/s b(’tw(’(’11  IS and  22 km at 7’(1°s. MOM rt((l)t  radiativ(  transffr

calrlllatiol)s  l~y f{osc?l/icld cf al. [1 9 9 4 ] ,  bas(~(l 011 NM(: t(~l~ll)(~lzli,lll[~s  dUIIII~ I)otll  tl](’
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S imi la r  I)t+avior  is found for vortm avcra,gm witllil~  tl]( Otll(r  two I)\”  (x~lltollrs.  I“or this

}}(’riod,  tll(’ imp]id r.llt’lnir;l  l o s s  in (;10  is apl)roximalx:]y  0.13  0.1 pj)l)v  at 585 K aud

0 . : 1 3 0 . 1  pl)l)v at 465 1{, bad ou linear fits to tl~c d;iily avcrag{s. Altl]ollgll  tl~me is  a

clear dct;r(!asillg  tr(md in (;10  t]lrougl)ollt  this interval at Imt]l l(~v(’ls,  tilcr(’ is au apparmt

dccrcal~[  of 0.1 + 0.1 ppl.)v in tllc  ad jus t ed  (; IONT02” nlixing ratios at 5S5 K, and tllcrc

is  no s i g n i f i c a n t  d]cmica]  dlang;c  in C10N02  at 465 1{ (wO. O + 0.1 l)l)IJv). No inc.rcase

ill (; I(.)N02  i s  found  to offs(!t tllc  dccrcas~; iu (;10  cvctl w1][)I] tli(’ vall((’s at tll(~ txtr~!mc

lilnits  of tllc Ilnccrtaintics  alc usd. ‘1’ll~!st~aclj~lstccl  (.;10 and (; ION02° concentrations arc

ronlplit,(d  llsing  tile  nominal magnitudes of tll(~ vertical vclocitics; ])owev(!r,  calculations

t)v(~r tll(~ rajllg{!  c)f v(:locity  v a l u e s  clefind by tl]e ujlccriainti(w  yi(’l(d v(~ry similzir r(!sults.

In fact, s(’nsitivity  t(~sts i n d i c a t e  tl~at for tll(mto  l)[T an incrtxis(:  ill (; ION02° l~alau(ing

tl)c d(~crcasv  ill (;10 tllcrc would  nave to br very stro])g  dcscfmt  (“.2.;1 mm/s )  at 585 K

l)llt  asc(’l]t  (~().711111)/s) at46{5 K .

‘1’ocllsllr(~tllat  a cousistmt  set  ofair~~alcclsi  sllcillgc valllat(tl  for all spmics,in  tllc

pr(x-.cding  calculations all vortex averages include data from Lllc “(lay” side of tllcorl>it

onljz. IIow(:vcr,  if any of t,llc c.lllolil]crt!leasccl  from C]() is being  conw!rtcd  into (;10N02,

tl)(w (: ION02° mixing  ratios at nigl~t, CO(ll  C1 Iw slightly larger  tl)all tl)os(’  during tl)e day,

wl~cn (; ION02° is sul~jcc.t to l)ll(~tc)clissociatiol]. Wc tll{[efc)lc,t’x  allli]l(volt,tx  averages of

(; ION02° mixing  rat ios fronl  tl)[ “nig])t” side of tll(! (Irl)it, afljllst((l  Ilsinp;  tll(’ dial) atic

i,~~lt,i(-al  V(.l{)citi(:s  C;ilclllat(!d  ;LIJOI’(’. i n  tllisc.as(’tl](r(~lsllc)  clianp,(  (cLO. OZ1.O.1 I)l)l)v)  at

F) S!; 1;, an(l a d(’(’r(’as(’  o fO.1  +-O.l  l)l)llv  at 4(L5 K . ~~,s ~~(.fol[~, H() in(’lx’asc in (~loN02°

is  follll(l to of~sct tll(:  d(~c.rcas(:  ill (~10 (Sv(!ll wll(’11  tllc  Jalues  at tll( (’xtr(’lnt’  l imi t s  of tll(’
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19S7 a.lld 1992 Antart-.tic  wint<,r  s e a s o n s ,  also  l)roduct!  small(:r  avcrag(i diabatic  dmrt~nt

rat,cs in th(’ lowor stratospheric vortex (N O.4-O.9 km/lllonth,  or ‘w O.2- 0.3 mln/s) thal]

those (!stilllat,c(l  I](?N: f r o m  the (;I,A  ES traa?r data. I t  is  imporhint  to notf:, llowcver,

that thf’ Y:it(:s ddll(d h~ }/OSt’?ljk/d  d (l/. [] 994] IY:])l”(!S(31t  :(11 aV(T:tF,(’  COlll])llkd  fl’0111

the descent  of air ov(!r an eip;l~t-  month period  from  MaIch  throllp;]l  octol~cr,  and a dim-t

conlparison  with OIIY lat[’--wintr’r  velocity estimzites  is an oI~elsill]~  Jlifi(:zLtic)ll.

(Inn? the dcsm?nt rate at each  level has  IX:CV) est imate(l,  t h e  c h a n g e s  ill ( ;10 a n d

( ;ION02° dl]c to vertical transport can also 1>(’ calclllated  from the tracer continllity  ~xlua-

tion, assllming constant  vclocitirs  t h roughou t  the two-wecl~  interval. ‘1’his  calclllatioll

woIIld not he Hccmssary  for spm.im  that arc short- lived  coml)ar(d  to a two- wm:k inter-

val, lx’callst~  loctLl ])llotc)cl][’lllic:~l  condit ions --  not  d~namics  – driv(’ changes in their

abun(lanc(x.  }luw(-wwrt total  reactiw: ch]orirl(? (;IOT ((’107  =  (;10  -1 y(~l~()~)  i s  affcctcd

hy (Iynalllics, a n d  i t  in tllrll  af[cc.  ts (~lo  and (~loN02.  ” As disrl]ss(~(]  fllrthcr  l~elow’,  the

a~’)})1’OXill)at(? l]atlll”~  Of th(; al)]> r(ELdl Ud h(?l’C to ~cXXJllIlt fOl’ thC! (’ff(!ds  Of dy!]allli~.s  is

not a major  fwtor in the ovcml]  conc lus ions . ‘1’he impac t  o f  dial)atic  desct:llt  on the

mixing ratios of a constitllcnt  dcpcmds  not  only  on the ma,gnitudc  of tli(: vertical velocity

bl]t a l so  on t,l)e shap(;  of  the constitl]mt’s  vmt  ical profile.  7’11(’  (;10 nlixin~ ratio  profile

(Irigllrc  70)  drol)s  sharply ahovc  465 K, an(l the downward  trallsl)(jrt  of air with lokver

(  !]() ablIIld:Lll(’(% a(’(mllnts f(”)r a portion o f  th(’ obsf’1’\’ed  dcclill(’ ill (;)() va]ll(’s  at hotll

585 K an({ 4(i5 K. Ilccallsc thf ’ p(’ak of the (;loN()~  pr~)fi](: (Figlllc 1 b) oc(llrs  n(:ar 585 K,

d(?sr(mt  is (:sllimatd  to prodl]rr  a decrcasc ill (;loh]{)~  (“ollr(:lltltitic~l)s  at, that lt’vt’1,  l)llt an

incr(’asc  in ( !10KT02°  (:(-)ll(:(~lltrati(jl]s  at 465 K. l“i~urc  S shows dail}.  Vortlt’x  a~’crap;(v+  of tllc

obsel’v(d  ( ;10 and ( ;ION02° ahlllld[ill~l%, along  with acijllstd  vallics  ol)tain(d  by sulJtra(-t-

in~ th(’ (~st)imat(’(l  cl IaIIpys in mixin~ ratio (111(’ to diaba tic des((~lll. ‘1’l](vx  a(ljllst,(d  lllixill~

r a t i o  Valll(w  r(’fl(’(-t  tll(’ tr(’;l(ls  ill tl)(’ spec.  i(w tl)at can  1)(: attril)l]t(~[l 10 cl)(~l]lical  ])ror(~ss(:s.

‘1’1)(’ rmlllts  ])r(wmtc(l  ill Figl]r(  8 ar(’ l) ZLS(d 01)  av(:la~(:s ~~’itllill  tll( illt(:llll((lizLt(’  1)1’

co]ltoI]r  in I“igllrr  1 a, rcstricimd  to the lattm half c)f tl)c yzLw pcriotl  (aftm 3 Scptcml)(’r).
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(;10 in the Antarctic vortex. 1’;( ;MWF Ill(?t(’orolc}gif::il  a n a l y s e s  ar( llsd to spm-ify the

llorizollta]  winds and t(’1111)(’l:itlllt’s  with  tL sl)ectral trllnc.ation  of ‘1’-12,  y i e l d i n g  a mod(’1

llorizonta] rt:sollltioll  of 2.8° x 2.8°. 1“’1](’  mod(:l (mploys  a dctail(xl  stlatosph<:ric  rh(:mistry

s(.h(~]ll(~  w i t h  tr(’atmel)t  of 11(’t,(’rc)gt’llt:ol.]s  r(’ac.tiolls  01] PS(~s al](l  slllfatc  aerosols.” It is

illit, ializd with (JARS  data for 31 All~ust  1992 interpolated  onto tile  ‘1’42 (.; aussim  grid

al]d is rl]n on hotll  the ,5{S,5  1< and 46,5 K surfaces. In tl]t  compa,llion  l)aper, (Xippcrjiclcl  et

al. [1995]  rq)ort  on rf:slllts  from the basic  model as well as tllosc  from  several smsitivity

t(’sts; h(’r(”!  wc pr(:s(?llt  results  on]y froln  rlln I )  o f  tlie  colnpallion  }Ja}Jor.  ‘1’his  ruIl tr<!ats

465 K and ,585 K as s(:para,tr  llnconncctd  isetliropic surfaces with no vertical transport

l~ctwc<’n  th(:ln.  It also inclll(lrs  th( r(’ac.tion  011+ (’:10 - } }1(~1-1  02  as al) /lYo cllanllel.  ‘1’his

p a t h w a y  has  IJ(’(:11  sllowll to inlprovc  the agreement, bftwc(:n  l>l](~tc)(:t)(’llli(:al  nlod[’ls and

ol~scrvations  of (~lo, 11(;1 and 03 in the upper stratospllcr(t  [Mcl,:lro!y  and ,Salau~itc}L, 19S9;

Nai.arajan  and CJallis,  1991; C}tarLdra  et al., 1993; Tou7ni a n d  l)ekki,  1993; hlin.<cl~u]artc?>

C{ al., 1993]. (hippcrjirld  c~ al. [199(5] show that th(’ inclusion of this c.hannd  is also

important ill tllc  lower  stIal,c~sl}ll[’if:, affcx-.tin%  ]nodc] rtsults at botl]  5S5 K and 4(i5 K.

Vort(:x  :Lvcrafy’sof  mode]  clllt~rille  sl](:(:i(:sfrolll thisrun  arcsh(Nvn  in h’ig~lrc  f), along

wit,ll  MI, S (;10  an(.] (~1, A}lS (; ION02° data. ‘1’1]~ lno(le] fiel(ls  ar( sa]n])ld  at l’2001Jrl’

excq~t for (;10 anti  (;lol  N02,” which  are sampl(:d  at th(> salllc  local  ti!nc as tll(:  M1,S al]d

C; I,AIH Ill(?ZIS1.ll”(>lll(>  lltS. ‘Iota]  il]or~allic  c.hlorinc ((;lOv  ) is esse]ltially  constant at 3.0 pphv

a t  58.5 1{ and 2.8 ppbv  at 465 K . The model ]cprodu(  m the M  1,S (;10  al)llndancm  and

doLvnwarcl tr(>lld  at 585 1<, hilt at 465 1< it lllltl(’1’f:stilll;~t(’s  M IJS ( ;10 l)y lI}J to 0.4 l)pl)v

(s(’(’ (Y/ipj~(rjirld  (f ol, []9$)5] f o r  al] c]al)or:ttioll  of I hr 10IV Ino(l(’1  (’10). A t  46,5 1{ it

also indicates a slightly illcr(zwinp;  trend ill (;10  (not s(cn in tl]t’ [dat:i)  wliirll  is prohal)ly

related to th(’ f:ic.t that tll(’ n]od(:] t)i’t’1(’stilllatt’s  tll(:  extt:nt of tll(’ on~oing  l)S(;  processing.

Similzirly,  thf’ lnod(?l rcprodurm  t]~e (;l,AItS (;10N02° dzLta f a i r ly  w(II at 585 K (althollgh

it illdic.atcs  a small  incr(:iLst~  in (;10N02° ov(!r tl]e il)tcrval  which is ])ot S(J(W in tli(~ da ta ) ,

l>llt at 46,5 K it l.lll(l(~)(>sti]l~:ttts  (; I,AIIS  ( ;10N02” l}y as ml]cll as (), (i pp]>v.  A s  discllsstxl



1 (i

I)y (;hipp7jic/d  (i al. [1  995] ,  il]clllsion of tht: ()}1 + (;10  + }1( !1 -+ 02  r(’actio]]  sllpl)resstw

the  il]c.rt~as(>  i]] (; ION02° and  p r o m o t e s  tllc  conv(:rsioll of (;10  (,() 11 (;1. ‘I1lI(J c a l c u l a t e d

changes  in (~lo N02° and 11()(~1 arc not  significant, zmd the main M:row:ry  is pmlictd  to

I>c into 11(;1 at both 585 K and 4(i5 K.

Itor th(: calculations prmcntcxl  in F’igurc  8 we have  neglected tll( (:lli:cts  of the dimer,

(J120~, produced f rom (;10  r(:coll-ll>illatiol]: (~lo+(;lo+”  M ---} (~1202  +hfl. Since there

to (:10,.. ‘1 ’0  address  th i s  isslle, modd resul ts  froln  Iun 1) ZLM salnpld  at local  noon



.
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Behav io r  of HCI



1s

().3 pplwc IIWW’,

a~. [1995]) indicate

at 585 K there is a

maximllm  i]) Illud(:] 11(.~1 along  tl)f~ vort(:x  dgc, with W{lIICS  d(~crcasillg  totvard  the vortex

crnt(’r,  WI](:NYM  at 465 1{ the opposite behavior is pdictd. ‘1’hcrtforc,  since  th(~ vortex

avmafy’s  in h’i~llres  1 Oa and 10b arc bad on dat:L  f rom one  particlllar  l a t i t ude  on any

givt?l] day  (set, I’igllrc  1 OC), tl)cy  I]lay not  be re~)lest~lltatik’[:  of tll(:  vort(:x 11(.;1 as a w h o l e .

]h!callsf’ tht’ II AI,OI; data arc strong  fllnc.tions of ]a,titud(>  as iv(’11 as tim(:,  mllltiplt’

Iincar rcgrmsion  (with both latitllde  and time fllnctiolls  incllld(d)  is Ils(’d to fit a curve

t o  tl]t daily a v e r a g e s  as in Schocbcd d d, [1 995]. We initially l]st  the d(ll(71)/dt

valllc obtaind  from this flt to extrapolate tht! 11(;1 valutx  back to 1 1](’ timeframe of the

MI,S al]d (; I,A1;S d a t a .  IIow(:ver,  at 465 K thr rl]angt:  ill 11(~1 ~vil  1] t i m e  i s  sufIicient,ly

rapid  that for ]nost  of tll(’  interval the extrapolation produc(:s  n[’~al,ivf~ lnixing  ratios. 111

contrast ,  at 5S5 1{ tllc cllan~c  in 11(;1 with timr is so grdI.Ial that at tlI( lJcginnillg  of tll(’

illt(:rval th(’ cxtrapolatio]l  produces mixing ratios of ov(:r 1  ppl.)v, a Valllc  t ha t  Inay be

111)1”[’:tlisti(’:(lly  nigh  sillc(~ a sllbstalltial  fract ion of  11(;1 is t+xl)rt”t(’(l  to l)iiv(’  l)(YJII IY:IIIOVed

I)y l)S(;  ~)roc(ssillg  at this time. Following the IIlod(Il r(hlllts l)rcscnt(d in l:igurt  9, which

show 11(;1 incrfwsing  fidirly  steadily  throughout the interval from llrar Z(W at both lm’els,

th(’ ]](:]  is cxtra}mlatcd  hack  f r o m  t h e  first  llAI,OI~  data poilll il]sidc t h e  vortex (on

2;] S(’lJtt’llllJ(’r)  by asslllllillp;  i t  varim  lin(mrly from  Z(’I (j at th(’  start  of tilt’ Stll(ly ]J(’rio(l

011 3 S(q)t(’1111)(’l.

111 l“ip;llrc  1 1  W( snow tl)( v[)rtcx-  av(:ra:td  11(~1 ]Ilixing  ratit)~  (lllrill~ tll( lIAI,O1’;

st)lltl)(’rll  i’ort(~x salnl)lill~  l~(~rio(l  and tll(:  lin(:arly  -  (’xl ral)ol:itt’d  II(’1 valll(’s  dllrillg  tht’

lat( w’il~t(r  stlldy  p(~rio(l.  A l s o  illclu(l(d  in O’ip;llrc 11 MC tl){ atljl]st(d  mixins r a t io s  o f

(~lo  al](] (: IO N02,”  th(’ Slllll (:]() -~ (; ION02,” an(i th(> S 1 1 1 1 1  (;]() + (:]()~()j  + cxtra])datd

11(~1.  A t  hoilI  5s5  1< aI)(l 4(;5 1<, tilt sllm (;10  -I (: ION02° exhil~its  a (1(’rr(asing  tr(’1](1 ovf:r

t I](, {’ollrst  of th( illt(:riml. If  (;10N02° an(l 11(;1 ILr( tl)( prima]y  rts(li’oirs  for chloril)(  at



this time, th(:n (;1(’)  + (; ION02° + 11(~1 should  IJ(: rough]y  a cons(rvt(l  (Illamtity. At 5&5 K,

inclllsiol)  of 11(;1 ((:xtr:t~~ol:tt(>(l  from zero  on 3 S(:ptmnb(’r)  leads  to aII appar(mt  increase  ill

tile clllorin(~ blldget  of .allnost ().4 pl)bv  over tll(:  interval, wit])  a final vall]t’  of ~3. O }Jpl>v.

IIowcvm, tht: trend  in (:10 + (; I(>N02  + H(~l is highly  sensitive to tllr iuitial valllr chos(m

for thf? 11(;1 extrapolation). Assuming  H(~l = 1 ppl~v  on 3 Septcmb(~r  (the reslllt obtailld

f r o m  the ()(ll(Yl)//)t  e x t r a p o l a t i o n )  leads  to a valu(:  of (~lo  -i (~loN02° + 11(;1 t h a t

dccreasm  slightly over the col]rsc  of the interval, but llasal])a$llitll(l(’  cJfa~)ollt  3.6ppl>v

(mow than th,:  cstimat(d  total chlorin( loading at that level).  Assl~ming  11( 1=0.5 p]~l)v

011 3 Sf:])t(?Illb(!l’  (a Valll(’ signilicaut]y  higher  than the lllodel  ]Jrdict,ioll  of F’igurc  9) leads

toaf:iilly~o  llst:illtv~L1  l.1(’0f:3  .1” ppbvfor(~l(l+ (~lON&+~l~~l. ‘I’l~lls  tll~~lllc~lill~  ~~~l~~l~(’t

can  bc ma.dc  to balance at 585 1<, At 465 K, :ilthouglj  the additio]l  of cxtrapolatd  fl(;l

does  improve the dlorinc  lMlzLt)ce  slightly, the contril)ution  from calculated 11(;1 is not

suff icient  to ofl’set  th(? observed losses,  The (Iuautity  (~1(1 -t (~loN(~Z + extrapolat~:d

lI(;lcl(’clillf  ~ssliglltly  ovcrtllt’ttvc)  w(’t~l{stllclyl)(?ric)cl, althou~l]  tll(’llllc[~rtaillti(,s  in these

quant,  iti(:s ar(~ sllcll  that a line with zero slope c o u l d  be flt to tllvse  data points. ‘1’1)(:

ilnbalancc  ill the decrease  in reactive chlorin(~ aud the increasr in the chlorine rese rvo i r s

at 465 1{ cannot I>(T allleliolatc(l  simp]y  by adjllsting  the c.xtrapolai  ion of the 11(;1 data,.
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[)ouglass  Ci (1[. [1995]  h a v e  also Iccently  studid  tllc springtime:  pdllction  of chlorillc

rm’rvoir  sl)(’ci(’s. ‘1’hcy 1]s(’ (JA1{S  data to constrain  a cllrmica] I)(Jx l])od(:l,and  c o m p a r e

I>otll ol~sfrvatiol]s  and model  rcslllts w i t h i n  a narrow allllullls  jllst i n s i d e  tht>  soutllcrn

\~ortex hllldill”y  (tl)(! ‘(collar)) region) for a :Ymonth  lmiod dl]rinp,  tl)(~ 199’2 Antarc.tic-

willter to those froln  a similar region and tim~>span duling  th{: 19{)1- 1992 Arctic winter.

Results from model runs at 460 K indicate that, in thf almmcc of dmitrification,  ozone

c[)rlc(~rltl.:Ltiol)s  dictate which  chlorine reservoir clomillates  in sl)ring. WhcII 03 mixing

rat ios mnaiu  al)ovc  al)out 0.5 ppmv, (.~loN02°  product ion arisitlg  frol~l 11 IN03 photolysis

occllrs  ra~)idly.  IIowcv(n’, following the arguments of l’raihcr a?ld ,laj~c [1 990], l)otlglass

ci cl. [1995] find Lllat 03 mixing r a t i o s  belotv 0.(5 }JpInv lead  to nt’t l)rodllction  of }1(~1.

‘1’11[’  collc.  ]usions  o f  J)07L.91cLss  cl al. [1995] pertain strictly 1,<) conditions of mild

(1(’llitrifi(-;itic)l~  (as in the Arctic or the Antarctic c.ollal  region)  a]]d (:xtremcly low ozone

(as in tl]c  Antarctic in oc.tobcr),  ancl  consequen t ly  th(y cmnot  lJ(: al)plid  to the early-

to- IIlid Scptmnl)er time ~)eliocl stlldiecl  he re . While a s ignif icant  Itxlllc.tion in ozone  is

occurring throughout Scptmnbcr 1992, on the last day  of ollr studj’  l)(riod  (1 7 September)

():3 (’c)!l(-(!lltlz~ti(~lls  zLrr  s t i l l  above 0 . 5  l~pnlv  in lnost  of t h e  .3Na  o f  tllc vortex  [ Waters  @i

al., 1993b], tLI)d  tllc vortex- avcragd  03 mixing ratio at 465 K [Monn[  y ft d., 1993] is still

abov(” 1 ..7 ])])1 l)\’. lIow(II(r,  th( formation of 11(~1 may  SI ill 1)(*  tll( do]liin:illt m(cllanism  for

chl(}ril~(~ r(’covcry  at this time. Results from t,ll(~ SI, IM( ~Arl’ is(~utrol)ic  cllcmirzil  transport

11)() (1(’1  [(7 Lippcrjidd  cl fll,, 199,5] S11OW  tl]at l)rocluctioll  uf (; ION02° is sll~)l)ressc(l  and (~lo

i s  toTIvt~rt(J(l  illto  11(!1 WI]CH t h e  rt>adion  ()}1 -t- (;10  - > }1(;1 + 0 2  i s  illclllcled  as an 8%

(’l]alln(~l.  N(~vcrth(~l(~ss.  t,ll(~ data swln t o  il~tli(at(!  tha[  th(~ ohs(~]v((l  [ltx.ay in (Jnh:tnctx\

( !10 is l]ot (’l]tircly  ofls~:t  by a colr(>sl)c)llclil]g  illc.rmse  ill 11( II at 46TI 1{.



sl)acins  of tllc IJAI{S orbit tr:icks, addit ional  short-l iv(>d l)S(;s  w’itll Iimitxd  gmgrapllical

(!xt,(-’llt lnay  llav(’  gone  lllld(’t(’ctt’d. ‘J’l]c episodic I]aturc of tllc  l)S(;  activity at th(’ (?11(1  of

sol]th(mj  willt(v. mzty have  crfated a coml)lic.atf’(1  pattel  n of r(’rllrrillp;  chlorine activation

and d(mr.tivat. ion. in fact ,  vortex- avera~ecl  465 K (;10  al~ul~dan((s,  while followiu~  a

genera] downward trend, are ol~scrved to osr.illatc  by a t clltll of a ~)pl)v or so on t imesrales

of a fcw days. It may lx: that the limitd  horizontal resolution of the data sets, or the fact

that we an’ examining vortex- avcragd  quantities at a 1 ime wht?n plx)c.csses  are oc.c.llrring

on II1OIY’ 10c2Llizd  srales,  arc obscllring  the tru<~ behavior of the Clllorinc spin. ics.

Alt(mativ(~ly,  thr answer may lie in incompl(’te  mo(l(?l  ch(?mistr) or previolls]y  Ilnidem

tiiicd  rcs(~rvoirs of (~itll(:r  active or in2L(:t,  ive chlorine. 7bon  ft al. [199’2] mtimat~:  the total

amollnt  of inorsanic  chlorillr  from the H]r bu]dml  measured  using  an airlmrlic Four ie r

‘J’ransform lnfrarcd (1; ’1 ’11{) spectrometer dllrillg;  AAS1; II. ~’hcy tllcll deduct from this

valllc  tllcir l]~casllrtxl  11(;1,  (;10N02,”  and 110(;1 hurdcms, t o  Cal(’lllatf’  tllc  alnou]lt  of

‘~missinp;  )) CI)lorillc. (;omparing  this quautity  10 an estilnated  (;10  c o l u m n  amollnt  d(’-

rivcd  from the maximllm  mixing  ratio observed dllring AASE 11 pll]s :ill  (xll]al  alnollnt  of

tilt: (;10 (Iilll(’r,  th(~y find tha t  tll(, amollnt  of ‘Lmissinp,” cl~lolin~’  ill(licat,(!d  by the ]+ ’”1’11{

Ill(:aslll<?lll(’llts  (:xccds  that likely  to resi(le  in (;10  and (;1202. Althoup;h  this r(:slllt is

ol)tain(d  for !,I](:  Ar(:tic  vort,  t:x,  a simil:ir  deficit of inol ganic clllorill(: uvt’r  Antarctica in

los’j”  i s  l]~]tf.~~ ~>y ~~~~~  ~f fl~ [J j]~{]]. ~~~)~  ~~ ~1 [] ~<j~]  ~ol)~lll(j(-  t]’lat  otll(!I” lll)lll(>aSlll’Cd

fornls  of illor~allic clllorinv  may  IN’ pr(’srnt  il) tll(~ winter  polar  vol tt’x ,  21S sllgfytst(xl  hy

S’a?ldc)’  t’i 0/. [ 1  w ] .

I“illally, tll(’

chlorin(:  l~lltig(~t.

al., 1 995] r(’v(:al

th~: total inorganic chlorin(t  dcrivd from (;I,A 1;S N20  mcasllrcmt:l]ts using m (mll)irical

rt~lationsllip  [ Wcb.si[r  ci d. , 1993] sign ific:Lntly Illlcl(}r(still):it(’s  the SI]]N of MI,S (;10  and

(; I,AI;S  (HON02° at 465 1{. ‘1’1](’ prmision  of IJotl) th( MI,S and (’I,AES  d a t a  se t s  i s  a



limiting factor ill the analysis

llll(~~llivc~(:.:il  statements about

of mixing  ratio trends,

th(: c.lllorill(~l>llclg(’t.

amd it afr(x’ts OIIr ability  to m a k e

III 1992 the viewing gcomdry  precluded MLS and (.; I,AES  from making  Antarctic mca-

sllrcmcnts  during  the intcrvd  f r o m  lllici-Sc?l>tel[lller  thl  ough  th(: (’11(1 of octobcr.  Ry th(:

time solltl)-viewing resumed, (;10  was no lonfy?r  enhanced. IJnfortul]ately,  this is the

o n l y  sollth(m]  wintx?r  for wl]ich simultamcous  (; I,AES  and  M1. S data t~xist;  th(! (’~LAl;S

sll}~ply  of rryogcl)  w a s  depleted  in M a y  19$)3, and tl~(rc are nu (;l, AltS  mmsllre~ne~lts

Zift(!r  t ha t  tilrl(!. fIOW(’V(’I’, W{> call USe (.JAIt~ da~% tO illVPStiga~(’  tht’ 11(’]laViC)r  Of (;10  a n d

th(’ chlorine r(mrvoirs  in tll(:  northern hemisphere.

1992–1993 Northern Hemisphere Winter

Behavior of C1O and C10N02

M  1/s olw(:rvd  IOw(’1’  stratosphmic  (:10  L?llhaIlc(’d  to p;r(’atcr  t h a n  1  ppl”)v  as m’ly

as 4 1 )( ’(-(! 1111)(’1’ 1992 [ bl’aim’.s  (’t 01,, 1 993a; 1 f) f)5a], wl)cn tc:llll](l?it,lllt’s  bridly  fell below

th(’ thr(:shold  for l]S[;  f o r m a t i o n . ‘1’(?l]ll)t:ratllI’(?s  fllld  Uated arolllld th(’ l)s(: threshold

~lnti] latr l)(:cmnlm, after which  they were  almost  continllolls]y  h(’lo~v  the threshold until

lat( 1’cl~rIlary  1 9 9 3 .  When M1J5 rcwlmcd  nortl)-  vicwi]l~  l]lt’asl]]c]]~(llts in micl-  l{’cl)ruary,

low’(’r  stratospheric (;10  alJIIIIdaIlces  grcatmr than 1 p])l~v W(W s(xII in most of the vortex

r(~giol]  [ 14’’(Ii(7><S  ct d . , 19!)3  C]. W(’  w i l l  (’xamin(’  t h i s  l a t e  willt(I  Ja\v  1)( ’riod (12 lf’(’ljrll-

:i,. y 16 Mar(’11, 1 993) foI”  clllorirl(:  })alall(  ’(’. ,4s in i 11( s(~l]tll(’rl]  l]t]llisl>l)cr(,  (; I,AF;S

111(’:lslll(’lll(’llts  o f  a(’rmol f:xtil)ction  (])01, shown)  tLrt: (Jxamill((l  for (vi(l(~l~cr  of continlltd

II(t(’log(’ll(’[)lls  cl]lorill(  activation]]. l’;XC[’])t fOI’ a f(’$V tl’ilIISi(’l)t  2111(1  ]li~hly  10CZiliZC(l  (’V(;lltS

(lllrinp;  th(, thir(l  w(wk ill lJ(:l)rIIary, no signif~cantl  })S(~ a c t i v i t y  i s  ol)s(’rv(:d  (luring  th(>

norlh(~rl)  II(:misph(>r(’  lat(>  wintm yaw period,  and (;10  dcclil~cs  tl]lol]ghollt  this inkrval.

Ma])s of MIJS (~lo  fo] thr((’  (days a t  tll(> l)c~il]ning,  Illicl(llt, all(l t’lld of th(’ llortl)-
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EfFects of Vertical 11’ransport



i])t-(jIISiSiJ(*Ilf:y  m a y  ht: that,  the rhaugcs  in t he  da i ly  vortex avmag(s  c:iunot  br asc.ribcxl

solr]y  to vcrticd  lnotions  (au underlying  a s s u m p t i o n  in our  calclllation of the ve r t i ca l

vclocitim)  sinm t w o  strong  stmtosphcric  warmings dtlring  tilt’  latw wiuter  y a w  period

[/Ma?L?~fy ?{ d., 1 WJ4d]  load to incrctLsed  horizollta]  mixing  [AfaTl?Lfy  ft d., 1 W4h].  Ilasd

on pr(’vious  stlldi(’s [c,g S 1., I. ( ~Ocbf’d  ~t d., 1 992], wt? assume that  d(wcc[lt is Oc,cllrring  at

this stmon, aud wc neglect the NzO vall]es in int imating th~:  magnitude  of the vertical

v(~loc.ity  at, 585 K . Wt! find the Vort(:x-averagd  dmx’l]t I?ltf: to 1)(’ 0.1 + 0.2 11111)/s at

15&5 1{ aud 0.1 +- 0.1 mm/s at 46?5 K when tllc  trcllds over the el!tirc yaw period are

considt:r(d.  ‘1’hcsc  valum arc smaller than estimates of the lower stratospheric vertical

vcloc.ity (0.6- 0.7 mm/s) in February  1 9%! obtained  froln  simulated air  ~md trajmtorics

[fllm?lr~y  c~ 01., 1 9 9 4 6 ] . ‘1’hcy arc also smaller  thm the lzil,(v  lvi[ltvr rcsidu:il  ve r t i ca l

vrloc.iti~>s  dia~noscd  f r o m  AASl~) da ta  by  S’cho~:6crl  ci al. [1!)92], ~vhirh rang(~ from 0 . 6

to 1,0 111111/s  1)[’twml 18 and  22 k m  at 700N, and  tlt~ avorag(: diab:itic  d[>sccnt rates

in th(~ lower stratospheric vortex  computed from NM( ~ tcmp(:ratur(’s  over a five-month

prriod  froln  Novwnbcr  through March by Roscnficld CL al. [1 g94] (w 1.13-2 km/month,

or ~0.5- 0.6 mn)/s). (;ontrary  to the calculatio]ls of l{oscnjlcld  d 01. [1 994], our results

(and tllosc  of l’lfan?~cy  ci al. [1!)046])  i nd ica te  that lower stratosl)llrric  v~:rtica]  v(:lor.ities

arc smaller ill tll(’ northt:rll  llcmisph(m  thau in th(’ southern h(misl)l]cr(~ (at Iczist  for the

lat( w’int(:r  tilnc lmriods  considm:d  here).

‘1’1](’ (’sljinlzit(d  cllzingfs in (~lo  and  (;10N02 (Iu( t o  vc>rtica]  t ral)sl)(~rt  (~ff(,cts  :ir(~

illllstratj(’(l  ill l“i~llr(’  1 7 . ‘J’lIc sli~llt dip appar(llt  iu 1 ht’ vort(.X :Iverilpcd (;10  Coll(’.(’ll-

tratiol]s  jllst :ift(:r  diiy 1 . 5  of tile  stlldy period (27 F(l)ruary)  aris(s fwm tll(’ fact t h a t

l]](’:isl]]’(’tll(sllts  ol~taillt:~l  in the middle of tht) yaw cyc]c havfi hip,]] solat zenith anf?; l(>s. WC

can]l(jl (~xl~l:iirl  tll(~ llt~llavior  of tll(’ last  two (; I().N()z (Iata  l)oillts  ( 11, 16 Mar(h); Iarg(’

(Iata  gal)s (’xist  oI] sllrroulldillg  days  ( 13, 15 M a r c h ) .  whirll  IIav(t 1)( ’[’11 (’x(-llldfd  from

i h(’ \IOrt(>x :LV(’I’:W%, hilt Lh(: d a t a  c o v e r a g e  011 14 and  16 Marc]) is acleqllatc.  1]1 g(:ncral,

tllc il]f(rrtd  Arctic v(rti(:a,l vc]ociti{:s  ar(’ too w(ak to l)avc a slll>st:il~tial  impact,  and th(:
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AASI; Il.

In l~igur~  19 wc s h o w  the vortc:x--al’c1agft.i  ( o v e r  t h e  olltt’rmost  ))1~ contour)  11(;1

mixing ratios  during  t h e  1{ AI,(3E  northcm  vortt~x sampliug  pm iod aud the linearly-

extrapolatd  11(.~1 values  during; the late--wiutm yaw”ljcriod. Also illcllldcd  ill this figure

art’ thr adjustd  vorlmx-  averaged (over t h(~ intermdi atc /) b’ contullr)  mixiug lat ios of

(;]() and (30NOZ,”  the S11111 (;10  + (; IONOZ,  and th(? SUI1l (;10  + (;l ONOZ” + extrapolated

11( ;1. At both levds  the sum C]()  + (~lONOz  appeals  rdatiwly  cuustant  (although it

IIndergo(%  solnc  oscillation at 46,5 K). With the contr ibut ion froll] (:stimatd  H(; l, the

qlla,utity  (;10 + (;IONOZ  + 11(;1 is csscntidly  consta]lt,  at 3.1 ~)pbv at 58,5 1<, and v a r i e s

slightly  around  NY.5 ppl)v  at 46,5 K .

Discussion

Jlannry  d al. [1 W4C] show that the 1 W2- 1 W:] Arcti[ IOWCI stratospheric vortex

is anomalously strong, isolated, aud pmsistmlt , and is c.llaracterizd I)y below  average

tmlpcrat  Urcs. It is thus mom “Autarctic-  like’> thau is typical. Althollgh  the 1992-1993

w’iut(~r tl~crcforc  rcpmscnts fdirly  cxtrcmr Arctic coullitions, the ol)scrved  depiction of

~as l)has(~  II N():J is n(w(:rthrlcss  considerably smaller  thau t]]at ovtr Antarcticit  [J$flnier

rt al., 1{){15]. (las-l)has(~  llN():j i s  evidcutly  present  ill suflici(:llt qual]tity  to sllpp]y  h’(~~

f o r  th( rapid  formatiou of (~loNo z.” 11] c o n t r a s t  to the sollth(r]i  h(mispl~~r(, w(’ find

that tll(’ olJs(’rv(Id  lat(~ wiut(:r  dtrr(:as(:  iu (;10  i s  balzincxxl  l)y :i (oll(’sl)oll(lillg”  incr(:as(’

in (I IONOZ” at both 585 K aud 465 K . ‘1’his  c.onclusit)n  i s  ill gocj(l  ap;rtt:mcnt  with  th(’

txwlilts froll] tl]t~ AA SII; , AASIt  11, and  I’; ASOI; caml)aigl]s  olltlil)(~(l  ill th(’ Intro  (lurtion.

Summary



of (“I IO NOZ. ‘1’imt: s~’ri(:s  of vort(~x–a~~t?]:ig(:cl  mixing ratios  at botl~  585 K and 46,5 K have

b(:cn aualyd for approximately month-- long intcrva]s dllring  lat<’ ivilltcr:  Allgllst  17 -

Scptemlm  1 7 ,  1  W2 in th~: sollthern  hemisphere aud Febnlary  1 1  March  16, 1 W:] in

the II(]rtllf’rl]  llcmisph(,  re. The magnitllde  of th(: diabatic  dmxmt at (!:Lcll  1(’vel  has  I)eell

est imatd from ( ;JJA ES llle{isl~r(’l{l(~llts  of (~114  and Njo and Im:d  to :idjllst  the of.~scnwed

mixing  ratibs  for the eff’<?cts of vertical transport.

111 the southern hemisph(?re, cont inuing })olar  stlatospllf:ri(:  cloud  activity, as rvi-

de.ncd hy (~LAF,S  ll~<~asllr~:l~lt’l~ts  of ammo]  extinc.tiou  coeflicicllt,  prfn’entd  (;10  f r o m

undergo ing  sllstain(:d  dcwliue until  the latter  half of the study p~~riod. h;vcm after thr en-

hanced  ( ;10 abundances st art(d to recede, th(m:  was ])0 sign iflcantl  chmnic.al cllau~e  seen

in (; IONOZ” :it  465 1<, and th(’ (;l ONOI° at 585 K was ohservcd  to dccr(msc.  l)ellitrifiratioll

is cxpectcd to llaw~ inhihitd  the formation of  (JIONOZ” l~y removirlgj ga-phast’  II IN():I,

the SOIIIC(:  of Nol. ‘J’h(J obs(m’atiol)a]  rtmllts  have  a l so  IMX>D compard  to thost:  f r o m

an iscmt  ropic  c.l)[:lnical  t rausport  model  [ Chippcrjicld  ct al . , 1 WIT] which  was initialized

with lJAILS data. ‘1’1](~ model reproduc.ecl  thr hlLS (;10  abundaums  aud downward trend

a t  58,5 K, bllt ~ll)~lt:]csti~ll:lt(~cl  h4LS (~lo  by u]) to  0.4 ppbv  at 46.5 1{. ‘1’11(’ mode]  a l s o

rcprodu~(d  (;l, Al~S ( lIONOZ” fail ly well at 585 K, but ~ll~cl(~restil~]atc(l  it by as much  as

().6 ppbv  at 465 K. lnrlusiou  of the 011 + (;10  --} H(~l + 01 r(mctjion  as an 8(% chanut?l ill

the ]nodcl  sllppr(>sscd tllc  rm’every of (“;loNoj” (for th{: tin~c p(:rio(]  col]sid[~r(:d  1](M) an(l

l)rom(~td the ronvcrsiol]  of (;10  to 11(;1 at l~otll  ,5851< and 4(i~) K. 11 A 1,01’; IIlt’asllrt:lll(:llts

of 11(”~1 ill tl~e sollth(m polar vort(?x, obtaind  short])  after tll(~ h’11,S and (; I,AES  data,

were lin(~arly  (’xtlzi.l)[)l:~t(lcl  hark to tllt~ timcfra,lnc of tll(~ stlldy pcrio(l.  At 585 K, tht: trend

in (~lo  + (; IONOZ” + 11(;1 was found to”bc highly  sensitive to tll(:  valu(~ to which the 11(;1

w a s  cxtr:il)olat(’d  on tl]r f-it st da}’ of tll(~ intt’rval,  and th(: (’lllorill(~  I)l](lg(’t r.ol]ld  h{: m a d e

t o  hal:LUC(> by s(!ttiug  11( ;l=:().~ p}~bv  on that (day (1] S(q)tclllh(’r).  A t  4(i~ ]{, zL]tll(Jllgh

th(’ ad(lition of (’xtlzil)(-)l:it(’ci  11(~1 (lid improw: the clllt~rillc  balatl(x!, th( contril)ution  from

calcu]atd 11(;1 was not sllff~c.icl)t  to ofrsct  the obs(:rvc[l losses , and  a sli~ht  imbala,nc(~ was



2s

f(jllnd 1~(’tw(’(’n  tilt’  d(:r.rease in reactive Cl)lorille  and th( cllzLllp;(’  ill tl)t’ cli]orinc  r(:s<:rvoirs.

‘1’ht’  difljclllty ill Closills tl)(? chlorine blldget at 4(j,5 K  in tll( solit,l)~:rl] hemisph(:rc  m a y

hav(:  arism fronl Complications caused Ly ongoing act, i vat ion, inrolllpl(’tc ]Jllcjtocl](!lIli(-al

assllmpt, ions, or illadt!quat(?  data qual i ty.

111 tll[? nort,llem hemisphere,  Clo w:is  Ilot as uniformly c:nhanr(’d  within the vor t ex

as wtLs obw:rv(?d ov(?r  Anta rc t i ca . In addition, (~lo  a}~peamtl  to diminish more rapidly

at both lCVCIS  in tll(, nori, hcrn he]nisphem. Altl]ough  the 1 WE- 1993 Ar(:tic.  lowm si,xato-

s])llcric vort(’x was  more  “Alltarctielikc” thal] i s  tyl)ic.al, suflici(llt gas- phase  II NTO:~

r(:main(d  to sllpp]y  N02 for the rapid forma tiol) of Cloi Y02.  III Co[ltrast to the soutllmn

11(’mispll(m?, th(> dcc.rciLsc  ill Cl(j at the end o f  winter w a s  l~:ilanct’(1  at Loth ,5S5 K  a n d

465 K by  a Corres])ondiug  iliaxasc in CION02,”  We fouod  that (;l ONoj was thcl p r imary

rtw:rvoir  clllring rccov(:ry  ill the northern  hmlis])ll(:rc, ill good agr(x:nlent  with tht~ results

froll~  previous Arctic studies.
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Figure la. Ma]M of M  L S  (110 for sclerted d a y s  during the 1992 so(ItllPrN hcmisph~rc lat~

win t e r  sout}]- lookill~  period ,  i n t e rpo la t ed  onto the 585 K and 4&5 K pot~ntial t e m p e r a t u r e

surfaf.es using NM (; te]ll])~?latliles. ‘1’he maps are polar orthographic projections fxtending to

tlieequat,  or, wii,ll tl~e(; recnwich  nleridian at the top and dashed black  ci]clcs at 30°S and GOOS,

and arc produced f r o m  mcasurrment,  s taken over  a 24–ll(]ur  p e r i o d . NO measurements werp

ohtailled  in the white area polcward of  80° S.  OIlly  d a t a  from  the “day”  side  of  the orbit  are

shown. Su})crilll])osod  in white  on each of the maim  are three contouw  of pc)tcntial  vorticit,y:

– 0 . 7 0 x  10-4  l{mjkg-ls-],  –1.05 x 10 -4 Km2kg-ls--1,  and  – 1 . 4 0 x  1 0-” 4 Km~kg-*s-]  at 585 K,

and – 0 . 2 5  x  10–4 l{mzkg--ls--],  –0.:375  x  1 0– 4  1<m2kg-1},-1, and --(). !50 x  10–4 l<m~kg-’s-]

at 465 1{.

Figure  2. ‘1’]lc area ill prrce]itl  of” a IIcluispllrrel as a functit]l~ of potc’lltial  Lclllperaturc a[ld tilne

f o r  the 1992 southorll  hel}lisljllere  late wintpr sout]l-  Ioc)kin!, p e r i o d ,  witllill which  daytiil]e M1.S

(;10 Illixillg  r a t i o s  ill ttle rc~ioll  poleward o f  5 2 ° S  cxreml  1 ppbv. ‘1’ick Illarks on t}le ve r t i ca l

axis are not evrllly spaced; they represent potentiai  tempelaturc values of 420 1<$ 4G5 K, 520 K,

585 l{, 655 Ii, 740 K and S40 K.



Figure 3. ‘1’lLP area in percent  of  a  hemisphere as a ful, ction of pf)tclltia] t empera tu re  and

timr for the 19!32  southern  h e m i s p h e r e  late winter south-  looking l~criod, witliin which  (;l,AES

aerosol ex t inc t ion  coe f f i c i en t s  in the region  poleward of 52°S cxcrwl 1.0 xl O–:~ kl~l–l.  I)ata

g a p s  (white spaces in plots)  occur during the i]l]])lellle[ltatioll  of instrullle]lt modes other than

norll~al science  operations.

Figure4. Asin I~igure.  la (witl~a clifferel~t  colors cale),f( lrCLAll S(. UlC)NC)Z.

where there are data ga])s or spurious data points.

2 (with a diflcrent color sc:Ll(?),  for (;lONOZ  Illixitlg

Dlank  spaces in

ratios in excess

of 1.5 pphv. I)ata ga])s (white spaces in plots) occur duril)g the ill]I)l(lllf’Ilt;ttic)ll  of i~lstrument

II)odcs  othrr than normal  science  o])crations.

Figure 6. ‘1’ime series, ovrr the latter half of the l~!3’2  southern llcmisl)ll~re  late winter  soutll-

looking  period (starting on :3 September), of vortex–averap;d  (usi[lg tlIII i]itcrmediate  J-’V’ com

tour  shown in IJigllrr  1 a - SOP text,)  mixing ratios of CI, AIX Cl],l  (pp]l)v)  aud N’zo (ppbv) at

585 K and 465 K. 1’110 vortex- averaged values  for each  day are rc])rm’llt,wl  hy colored circles

(black  = (.;114, magrnta == N20), allcl the lines  are the Ieast-squarcvs  fits i,llrough  the da ta .  ‘1’he

slopes of the lines,  in combination with the vertical profilcw of C114 and Nz(),  lead t,o estimates

of thr diabatic descent rate of 0.5 + 0.:3 mm/s at .58.5  K a]ld 0.74 0.2 n) In/s at 465 K.

Figure 7. Vertical profilm of CIO (a) and (; ION02° (b) as a fullctio]l  of potential t~mp~raturc.

‘1’llww  profilrs were ol)tained by averaging individual retrievals I)oth sl]atially (within thr area

rtlcloscd by the illtPI’ll)Cdii  LtP I’IZ c o n t o u r  o f  I’i~ulc 1 [1) allll  t[’lll]~olallj” (oVcr :\- 17 Sr]~tcmtwr).

Figure  8. ‘1’ill~r  s e r i e s ,  over  the latter l~alf of thr 199% solltllerli IIc’lllis])llfrr  late willtcr soull)

lof)ki[l~  prrio(l (s tar t ing 011 3 Srptcmbcr),  of vort(’x-  avcr:i~c(l  (usilip, llIC illterlllcdiatc  1’1’ co]b

tour shown  in P’igurc 1a) mixing  r a t i o s  o f  M1,S (UIO  (pl~l~v)  and (: I,}IIX  (UONOz  (ppbv) at



F i g u r e  9. Vortex- avcr,aged  clllorilie sperics at (a) 585 1( and (b) 465 K f r o m  the c h e m i c a l

transport 1I1OCICI. S o l i d  lines  denote  model s]xx-.ics  samplwl a t  1200(J1’;  dashed Iillcs  denote

model species sampled at  the sam~ local  time as the MLS  and CI,Al(~S measu remen t s .  During

the course of the d a y ,  the vortex l~loves r e l a t i v e  t o  the }’V contooj (fixd at 1200{.  J’1’) used

here to delimit the area over  which vortex averagrs  are taken. T h i s  OCciisiOllally  causes Inodcl

(.;10 samp]pd at thp M  1.S ]OCZ] tilll~  to Pxcwx] model (;]02  s a m p l e d  a t  1200( Jrl’. ‘1’lIcI  (urves

r.eprescnting model C10  sanl Jjlml at 1200U1’ (not shown) and model (;l OJ sampled at 1200(J’1’

do not (>.ross.  Also shown are the M 1,S C10  and {; I,AES ( ;l(j NOj values. ‘1’hcse  difler slightly

f r o m  the vortex averages shown in  Figure 8 because they  a re  ca l cu la t ed  fron~ the (;10 and

C10N02 fields  interpolated onto the model ‘1’42 (;tiussian grid.

Figure 10. ‘]’ime smics, over  the llAI,O,[’; 1W2 southern  vortex salnplin~  period, of vortex-

averagcd  ( w i t h i n  thp intormdiai,c  I’V c o n t o u r )  mixirl~ r a t i o s  o f  11,41,01  11(: I (ppbv) a t

(a) 585 1{ a n d  (h) 465 1{. The associated daily average latitudes of tllr profiles are shown

in (c) (open squares = 465 K, solid circles  u 5X5 K). II A1, C)II data arc strong  functions of both

latitude and time, and multiplo linear  regression is used t o fit curves (solid lilies)  to the daily

averages at both Ievcls.

Figure 11. Vortex- averaged  11(;1  mixing ratios during, the lIAI,OI;  1 !3Q2 souther[l  vortex

sanlpling prriod (green  (’irrles):  Iinear]y  -  extrapolated 11(:1 values  (SPC  text) during  tile latter

half Of the late- wintmr yaw period (dotted  green line); acijusted vortex averaged  mixil(g  ratios

of MI,S  (110 (red  circles) and (Ii, AES  (:10iN02  (cyan  circles); the sum  ( :10 + (.: IC)INOZ  (l~lacli

circles) ;  and the quantity (;10 H (110N02  +- extrapolated llCI (Illagc’lita  plwws).

Figure 12a. As in ]Jigure  10, for tllr 1992-1993 nc)rthorn  helllisp]lcrc ]ZL(C u’intrt’ north lookin~

period, with the (Jrrenwich  meridian at th~ bott,o]n,  and  positive I’\” contour values.

Figure ] 3. As irl l“i~ure  2 (with a different color  sralf’)l  for the 1992- 1 !)f):l  ]Iorthrr[l }lC111klJhf71’P

late winter  north-lookin~  prriod.
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F i g u r e  14. As in Ipigurc  12a,  for CI,AES CloN02. lilink spaces in the maps reprment  areas

where three are data gaps or spurious data points.

Figure 15. As in h’igure  13, for ClC)N02  mixing rat,ios  in cxmss of 1.5 pphv. I)ata gaps (white

spaces in p]ots) occur  during  the illl])lelllelltatiorl of instrument modes ot,llcr  than normal science

operations.

Figure 16. As in l~i~ure  6, for the 1992-1993 northern ll~~misphere  late winter north--looking

]Jpric,d. q’lle dopes  of t,he lines  lead  to estimates of the diabatic  vertical velocity of 0.1 +0.2 111111/s

at 585 K a,]ld 0.1 t 0.1 mn]/s at 465 K.

Figure 17. As in l~igure  8, for the 1992-1993 northern l)emispbere late winter nort]l-  looking

period.

Figure 18. As i?) }~i~ure 10, for tile IIAI,C)F;  1992-199:3  Ilorthc]  n vortex samp]ing period. ][]

this rasr,  avrragcs  are romputrd  c)vrr the entire I’ortrx re~’;iotl  (see texl. ).

Figure’  19. As in l~igure  11, for t]le  northrrn  hetnisphcre.
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